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Abstract
An edge labeling of a connected graph G = (V,E) is said to be local antimagic if it is a bijection
f : E → {1, ..., |E|} such that for any pair of adjacent vertices x and y, f+(x) 6= f+(y), where the induced
vertex label f+(x) =
∑
f(e), with e ranging over all the edges incident to x. The local antimagic chro-
matic number of G, denoted by χla(G), is the minimum number of distinct induced vertex labels over all
local antimagic labelings of G. In this paper, we first show that a d-leg spider graph has d+1 ≤ χla ≤ d+2.
We then obtain many sufficient conditions such that both the values are attainable. Finally, we show that
each 3-leg spider has χla = 4 if not all legs are of odd length. We conjecture that almost all d-leg spiders
of size q that satisfies d(d+ 1) ≤ 2(2q − 1) with each leg length at least 2 has χla = d+ 1.
Keywords: Local antimagic labeling, Local antimagic chromatic number, Spiders
2010 AMS Subject Classifications: 05C78; 05C69.
1 Introduction
A connected graph G = (V,E) is said to be local antimagic if it admits a local antimagic (edge) labeling, i.e.,
a bijection f : E → {1, . . . , |E|} such that the induced vertex labeling f+ : V → Z given by f+(x) =
∑
f(e)
(with e ranging over all the edges incident to x) has the property that any two adjacent vertices have distinct
induced vertex labels. The number of distinct induced vertex labels under f is denoted by c(f), and is called
the color number of f . Also, f is call a local antimagic c(f)-labeling of G. The local antimagic chromatic
number of G, denoted by χla(G), is min{c(f) : f is a local antimagic labeling of G} (see [1–6]). For integers
a < b, we let [a, b] = {a, a+ 1, a+ 2, . . . , b}.
The following two results in [5] are needed.
Lemma 1.1. Let G be a graph of size q containing d pendants. Let f be a local antimagic labeling of G
such that f(e) = q. If e is not a pendant edge, then c(f) ≥ d+ 2.
1Corresponding author.
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Theorem 1.2. Let G be a graph having d pendants. If G is not K2, then χla(G) ≥ d+ 1 and the bound is
sharp.
For 1 ≤ i ≤ t, ai, ni ≥ 1 and d =
t∑
i=1
ni ≥ 3, a spider of d legs, denoted Sp(a
[n1]
1 , a
[n2]
2 , . . . , a
[nt]
t ) (or
Sp(y1, y2, . . . , yd) for convenience), is a tree formed by identifying an end-vertex of ni path(s) of length
ai. The vertex u of degree d is the core of the spider. Note that, Sp(1
[d]) is the star graph of d pendant
vertices with χla(Sp(1
[d])) = d+ 1. In this paper, we first show that d+ 1 ≤ χla(Sp(y1, y2, . . . , yd)) ≤ d+ 2.
We then obtain many sufficient conditions such that both the values are attainable. Finally, we show that
χla(Sp(y1, y2, y3)) = 4 if not all y1, y2, y3 are odd. We conjecture that each d-leg spider of size q that
satisfies d(d + 1) ≤ 2(2q − 1) with each leg length at least 2 has χla = d + 1 except Sp(2
[n], 3[m]) for
(n,m) ∈ {(4, 0), (5, 0), (6, 0), (0, 10), (1, 8), (1, 9), (2, 7), (2, 8), (3, 5), (3, 6), (4, 4), (4, 5), (5, 3)}.
2 Spider Graphs
In [6], the authors gave a family of d-leg spiders to have χla > d+ 1.
Theorem 2.1. For d ≥ 3,
χla(Sp(2
[d])) =


d+ 2 if d ≥ 4
d+ 1 if d = 3.
Theorem 2.2. Let G be a graph of size q with k ≥ 1 pendant vertices. Suppose G has only one vertex of
maximum degree ∆ which is not adjacent to any pendant vertex and all other vertices of G has degree at
most m < ∆. If ∆(∆+ 1) > m(2q −m+ 1), then χla(G) ≥ k + 2.
Proof. Let f be a local antimagic labeling of G. If q is assigned to a non-pendant edge, by Lemma 1.1,
c(f) ≥ m + 2. Assume q is assigned to a pendant edge that has a non-pendant end-vertex x. Now, all the
k pendant vertex labels of G are distinct and at most q. Suppose u is a vertex of degree ∆, then f+(u) ≥
∆(∆+ 1)/2 and that q + 1 ≤ f+(x) ≤ m(2q −m+ 1)/2. By the given hypothesis, f+(u) > f+(x) > f+(y)
for every pendant vertex y. Thus, c(f) ≥ k + 2. The theorem holds. 
Note that if G has at least two vertices of maximum degree ∆, the condition ∆(∆ + 1) > ∆(2q − ∆ + 1)
implies that ∆ > q, which is impossible. Also note that the conditions of Theorem 2.2 is not necessary to
have χla(G) ≥ k + 2. A counterexample of non-tree graph is χla(K3 ⊙ O2) = 9, and counterexamples of
trees are Sp(2[n]), n = 4, 5, 6.
Theorem 2.3. A spider of d ≥ 3 legs that has at least a leg of length 1 has χla = d+ 1.
Proof. Let G = Sp(a1, a2, . . . , ar, 1
[t]) such that r ≥ 1, t ≥ 1, ai ≥ 2, and d = r + t ≥ 3. Thus, G is of size
q =
∑r
i=1 ai + t. Arrange all the paths of lengths a1, a2, . . . , ar horizontally from left to right, and name the
edges from left to right as e1, e2, . . . , eq−t. Let E = {ej | 1 ≤ j ≤ q − t}. Define f : E → [1, q − t] such that
f(ej) = j/2 for even j and f(ej) = (q − t)− (j − 1)/2 for odd j. Finally, label the edges of the remaining t
path(s) of length 1 by q − t+ 1 to q bijectively.
Identify all the r+ t right end-vertices of the paths as the core. We now have the graph G with an induced
edge labeling given by f : E(G)→ [1, q]. Observe that
(i) each degree 2 vertex has induced label j/2+(q−t)−j/2 = q−t or (q−t)−(j−1)/2+(j+1)/2 = q−t+1.
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(ii) each of the t pendant vertices of paths length 1 has induced label q − t+ 1, . . . , q respectively.
(iii) the pendant vertex of path length a1 has induced label q− t while all remaining r− 1 pendant vertices
have mutually distinct induced label at most q − t− 1.
(iv) the core has induced label larger than q.
Thus, f is a local antimagic labeling with c(f) = r + t + 1 = d + 1 and χla(G) ≤ d + 1. By Theorem 1.2,
χla(G) ≥ d+ 1. The theorem holds. 
Example 2.1: In the following figure, we give the above defined labeling for Sp(4, 2, 3, 5, 1).
5 9 7
15
10411
12 3
2131
6 8
15 14 15
15 37
145 1514 3715
11 15 14 37
14
371512
14 37 14 1 13 2
12 3
11 4 10
5 9 6 8 7
15
(15,14,12,11,5)
The right vertex of each path are identified as the core u. We use the right table to denote this labeling
together with the induced vertex labels. We shall also use such kind of table to represent a labeling for a
spider in the rest of the paper. 
Call the labeling of the paths of length ai ≥ 2, 1 ≤ i ≤ r in Theorem 2.3 the fundamental labeling of spider.
By using this labeling, it is easy to get the following result:
Corollary 2.4. Suppose G is a spider with d ≥ 3 legs, then d+ 1 ≤ χla(G) ≤ d+ 2.
In what follows, we assume every leg of spider is of length at least 2.
Theorem 2.5. Suppose y1, y2, . . . , yd ≥ 2 and d ≥ 3. If d(d+ 1) > 2(2q − 1), then χla(Sp(y1, y2, . . . , yd)) =
d+ 2.
Proof. Let g be a local antimagic labeling of G = Sp(y1, y2, . . . , yd). Under the hypothesis, by Theorem 2.2,
we know c(g) ≥ d+ 2. By Corollary 2.4, the theorem holds. 
Corollary 2.6. There are infinitely many spiders of d ≥ 3 legs with χla = d+ 2.
Theorem 2.7. For n ≥ 0,m ≥ 1 and n+m ≥ 3, χla(Sp(2
[n], 3[m])) = n+m+ 2 if (n,m) 6∈ A, where
A ={(0, i0) | i0 ∈ [3, 10]} ∪ {(1, i1) | i1 ∈ [2, 9]} ∪ {(2, i2) | i2 ∈ [1, 8]} ∪ {(3, i3) | i3 ∈ [1, 6]}
∪ {(4, i4) | i4 ∈ [1, 5]} ∪ {(5, 1), (5, 2), (5, 3), (6, 1)}.
Proof. Let G = Sp(2[n], 3[m]). Now, q = 2n + 3m and d = n +m. The inequality (n +m)(n +m + 1) ≤
2(4n + 6m− 1) is equivalent to (n+m− 72 )
2 ≤ 4m+ 414 .
If m ≥ 11, then (n+m− 72)
2 ≥ (m− 72)
2 = m2 − 7m+ 494 > 4m+
41
4 .
If n ≥ 7, then (n+m− 72 )
2 ≥ m2 + 7m+ 494 > 4m+
41
4 .
So we have to deal with 1 ≤ m ≤ 10 and 0 ≤ n ≤ 6. It is routine to check that (n +m)(n +m + 1) ≤
2(4n + 6m− 1) if and only if (n,m) ∈ A. In other word, (n,m) 6∈ A if and only if d(d+ 1) > 2(2q − 1). By
Theorem 2.5, we know that χla(G) = n+m+ 2 if (n,m) 6∈ A. Thus, the theorem holds. 
3
Let us analyze the graph G = Sp(2[n], 3[m]), where (n,m) ∈ A and A is defined in Theorem 2.7. By
Appendix, it suffices to consider (n,m) ∈ {(0, 10), (1, 8), (1, 9), (2, 7), (2, 8), (3, 5), (3, 6), (4, 4), (4, 5), (5, 3)}.
Denote the legs of length 2 as P
(i)
3 = xi1xi2xi3, 1 ≤ i ≤ n and those of length 3 as P
(j)
4 = yj1yj2yj3yj4,
1 ≤ j ≤ m. Also the core u = xi3 = yj4 for all i, j. Let f be a local antimagic (m + n + 1)-labeling. Note
that, f+(u) ≥ 12 (n+m)(n+m+ 1) ≥ 4n+ 4m+ 4 > 2n+ 3m = q.
By Lemma 1.1, q is labeled at a pendant edge. Suppose q = 2n + 3m is labeled at a pendant edge of a
leg of length 2 (n ≥ 1). Without loss of generality, we may assume f(x11x12) = q. Since f
+(x12) ≥ q + 1
and f+(xi1) and f
+(yj1) are at most q for 1 ≤ i ≤ n and 1 ≤ j ≤ m, f
+(x13) = f
+(u) ≤ q which
is a contradiction. So q must be labeled at a pendant edge of a leg of length 3. By symmetric we may
assume that f(y11y12) = q. Then, f
+(y11) = q, f
+(y12) ≥ q + 1 and the other induced vertex colors
are less than q. Thus f+(u) = f+(y12). Let f(y12y13) = x. Then f
+(u) = f+(y12) = q + x. Then
q + x ≥
m+n∑
i=1
i = 12(m+ n)(m+ n+ 1). So
x ∈ [12 (n+m)(n+m+ 1)− (2n+ 3m), 2n+ 3m− 1]. (2.1)
(A) Suppose n = 0. Only the case (n,m) = (0, 10). From (2.1) we have x ∈ [25, 29]. Following table lists
all the possible labels assigned at the edges incident to the core:
x f+(u) labels incident to the core
25 55 1, 2, 3, 4, 5, 6, 7, 8, 9, 10
26 56 1, 2, 3, 4, 5, 6, 7, 8, 9, 11
27 57 1, 2, 3, 4, 5, 6, 7, 8, 10, 11
27 57 1, 2, 3, 4, 5, 6, 7, 8, 9, 12
28 58 1, 2, 3, 4, 5, 6, 7, 8, 9, 13
28 58 1, 2, 3, 4, 5, 6, 7, 8, 10, 12
28 58 1, 2, 3, 4, 5, 6, 7, 9, 10, 11
29 59 1, 2, 3, 4, 5, 6, 7, 8, 9, 14
29 59 1, 2, 3, 4, 5, 6, 7, 8, 10, 13
29 59 1, 2, 3, 4, 5, 6, 7, 9, 10, 12
29 59 1, 2, 3, 4, 5, 6, 8, 9, 10, 11
Note that integers in [1, 6] are labeled to edges incident to the core (we shall say that the labels are
incident to the core). So, the edge with label 24 must be adjacent to an edge with label s, 7 ≤ s ≤ 29.
Thus the incident vertex of these two labels must have label q+x. This means s = q+x−24 = x+6 ≥ 31
which is impossible. Thus χla(Sp(3
[10])) = 12.
(B) Suppose n = 1. There are two cases (n,m) = (1, 8), (1, 9). When (n,m) = (1, 8). From (2.1) we have
x ∈ [19, 25]. It is easy to check that labels in [1, 28−x] are incident to the core. Since there is only one
leg of length 2, there exists y ∈ {x− 1, x− 2} is labeled at an edge of the leg of length 3. Since labels
in [1, 28 − x] are incident to the core, similar to Case (A), we get that q + x − y ≥ q + 1. So, there is
no local antimagic 10-labeling for Sp(2, 3[8]). Thus, χla(Sp(2, 3
[8])) = 11.
When (n,m) = (1, 9). From (2.1) we have x ∈ [26, 27]. By a similar argument as above, we get that
χla(Sp(2, 3
[9])) = 12.
(C) Suppose n = 2. There are two cases (n,m) = (2, 7), (2, 8).
When (n,m) = (2, 7). From (2.1) we have x ∈ [20, 24]. It is easy to check that labels in [1, 29 − x] are
incident to the core. Since there is only two legs of length 2, there exists y ∈ {x − 1, x − 2, x − 3} is
4
labeled at an edge of the leg of length 3. Since labels in [1, 29 − x] are incident to the core, similar to
Case (A), we get that q + x − y ≥ q + 1. So, there is no local antimagic 10-labeling for Sp(2[2], 3[7]).
Thus, χla(Sp(2
[2], 3[7])) = 11.
When (n,m) = (2, 8). From (2.1) we have x = 27. By a similar argument, we have χla(Sp(2
[2], 3[8])) =
12.
(D) For the case (n,m) ∈ {(3, 5), (3, 6), (4, 4), (4, 5), (5, 3)}. The proof is similar to the above cases. So we
omit here.
Hence we have,
Theorem 2.8. For n ≥ 0, m ≥ 1 and n+m ≥ 3, χla(Sp(2
[n], 3[m])) = n+m+ 1 if and only if (n,m) ∈ B,
where
B ={(0, i0) | i0 ∈ [3, 9]} ∪ {(1, i1) | i1 ∈ [2, 7]} ∪ {(2, i2) | i2 ∈ [1, 6]} ∪ {(3, i3) | i3 ∈ [1, 4]}
∪ {(4, i4) | i4 ∈ [1, 3]} ∪ {(5, 1), (5, 2), (6, 1)}.
Theorem 2.9. Let y1, . . . , yd ≥ 2 be evens such that yd = yd−2 + 2yd−3 + · · ·+ (d− 3)y2 + (d− 2)y1. Then
χla(Sp(y1, . . . , yd)) = d+ 1, where d ≥ 2.
Proof. Let G = Sp(y1, y2, . . . , yd) that satisfies the given conditions. Note that, the size of G is q =
d∑
i=1
yi
and the condition can be rewritten as
d∑
i=1
(d − i− 1)yi = 0. Apply the fundamental labeling of spider to G.
Identify all the right end-vertices (with label 12 (y1+ · · ·+ yi)) for path of length yi. We now have the graph
G with an induced edge labeling f : E(G)→ [1, q] such that
(i) each degree 2 vertex has induced label i/2+ q− i/2 = q or q− (i− 1)/2+ (i+1)/2 = q+1. Moreover,
the induced label of the second or the last second vertex of each path is q + 1.
(ii) the end-vertex incident to edge e1 has induced label q and the remaining d − 1 end-vertices have
mutually distinct induced labels at least q/2 + 1 and at most q − 1.
(iii) the core has induced label
f+(u) = y1/2 + (y1 + y2)/2 + (y1 + y2 + y3)/2 + · · ·+ (y1 + y2 + · · · + yd)/2
=
1
2
d∑
i=1
(d− i+ 1)yi =
1
2
d∑
i=1
(d− i− 1)yi + q (2.2)
= q.
Thus, f is a local antimagic labeling with c(f) = d + 1 and χla(G) ≤ d + 1. Hence, the theorem holds by
Theorem 1.2. 
Example 2.2: Consider Sp(2, 4, 6, 4, 20) which satisfies the hypothesis of Theorem 2.9. According to the
fundamental labeling we have:
36, 1;
35, 2, 34, 3;
33, 4, 32, 5 ,31 ,6;
30, 7, 29, 8;
28, 9, 27, 10, 26, 11, 25, 12, 24, 13, 23, 14, 22, 15, 21, 16, 20, 17, 19, 18.
(37, 36, 36, 33, 30) 
Corollary 2.10. Let y1, . . . , yd ≥ 2 be evens. If
d−1∑
i=1
(d − i)yi =
d∑
i=k+1
yi, where 0 ≤ k ≤ d − 1, then
χla(Sp(y1, . . . , yd)) = d+ 1.
Proof. Keep the notation in the proof of Theorem 2.9. From the labeling f , we have known that each
pendant vertex has induced label q − 12
k∑
i=1
yi, 0 ≤ k ≤ d− 1. Note that when k = 0 the empty summation
is treated as zero. Thus, χla(Sp(y1, . . . , yd) = d + 1 if f
+(u) = q − 12
k∑
i=1
yi for some 0 ≤ k ≤ d − 1. From
(2.2), we have 12
d∑
i=1
(d − i − 1)yi + q = q −
1
2
k∑
i=1
yi. It is equivalent to
d∑
i=1
(d − i)yi =
d∑
i=1
yi −
k∑
i=1
yi or
d−1∑
i=1
(d− i)yi =
d∑
i=k+1
yi. 
Corollary 2.11. Let y1, . . . , yd ≥ 2 be evens. If
d−1∑
i=1
(d − i)yi =
d∑
i=k+1
yi, where 1 ≤ k ≤ d − 1, then
χla(Sp(y1, . . . , yd + 1)) = d+ 1.
Example 2.3: Consider y1 = 4, y2 = 2, y3 = 4, y4 = 2.
1. By Theorem 2.9 or Corollary 2.10 with k = 0, we get y5 = 20 and so χla(Sp(4, 2, 4, 2, 20)) = 6. According
to the fundamental labeling we get the following labeling of each leg:
32, 1, 31, 2;
30, 3;
29, 4, 28, 5;
27, 6;
26, 7, 25, 8, 24, 9, 23, 10, 22, 11, 21, 12, 20, 13, 19, 14, 18, 15, 17, 16.
(33, 32, 30, 29, 27, 26)
2. By Corollary 2.10 with k = 1, we get y5 = 24 and so χla(Sp(4, 2, 4, 2, 24)) = 6. According to the
fundamental labeling we get the following labeling of each leg:
36, 1, 35, 2, ;
34, 3;
33, 4, 32, 5;
31, 6;
30, 7, 29, 8, 28, 9, 27, 10, 26, 11, 25, 12, 24, 13, 23, 14, 22, 15, 21, 16, 20, 17, 19, 18.
(37, 36, 34, 33, 31, 30)
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3. By Corollary 2.11, from Case 2, χla(Sp(4, 2, 4, 2, 25)) = 6. According to the fundamental labeling we get
the following labeling of each leg:
37, 1, 36, 2, ;
35, 3;
34, 4, 33, 5;
32, 6;
31, 7, 30, 8, 29, 9, 28, 10, 27, 11, 26, 12, 25, 13, 24, 14, 23, 15, 22, 16, 21, 17, 20, 18, 19.
(38, 37, 35, 34, 32, 31)
By Corollary 2.11 with k = 4, we also get χla(Sp(4, 2, 4, 2, 33)) = 6. 
Example 2.4: Let y1 = 4 y2 = 6. Using k = 1, 2y1+ y2 = 14 = y2+ y3 gives y3 = 8. So, we get Sp(4, 6, 8)
with the following labeling.
18, 1, 17, 2;
16, 3, 15, 4, 14, 5;
13, 6, 12, 7, 11, 8, 10, 9
(19, 18, 16, 13)
By Corollary 2.11, we also obtain χla(Sp(4, 6, 13)) = χla(Sp(4, 6, 19)) = 4. 
Corollary 2.12. If a, b ≥ 2 are even, then χla(Sp(a, b, a)) = χla(Sp(a, b, 2a)) = χlaSp(a, b, 2a + b)) =
χla(Sp(a, b, a + 1)) = χla(Sp(a, b, 2a + 1)) = χlaSp(a, b, 2a + b+ 1)) = 4.
3 Spiders with 3 legs
Before considering some labelings of spider of 3 legs, we show some useful labelings for a path first.
Lemma 3.1. Suppose N ≥ 2 and
r ∈


{1}, N = 2;
{2j | 1 ≤ j ≤ N/2 − 1} ∪ {1, N − 1}, even N ≥ 4;
{2j − 1 | 1 ≤ j ≤ (N − 1)/2} ∪ {N − 1}, odd N.
There is a circular permutation (ai)
N
i=1 of [1, N ] such that the sum of two consecutive terms ai + ai+1 ∈
{N,N + 1, N + 2} for 1 ≤ i ≤ N and |aN − a1| = r, where the indices of ai’s are taken modulo N .
Proof. We separate into 4 cases.
(a) N = 4k, k ≥ 1.
i 1 2 3 4 · · · 2k − 2 2k − 1 2k
ai 2k 2k + 2 2k − 2 2k + 4 · · · 4k − 2 2 4k
a2k+i 1 4k − 1 3 4k − 3 · · · 2k + 3 2k − 1 2k + 1
The set of difference of two consecutive terms of the obtained sequence is {|ai − ai+1| : 1 ≤ i ≤ 4k} =
{2j | 1 ≤ j ≤ 2k − 1} ∪ {1, 4k − 1}. When we shift suitably the subscripts of ai we will obtain that
|aN − a1| = r. For the remaining cases, we will not point out this arrangement again.
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(b) N = 4k + 1, k ≥ 1.
i 1 2 3 4 · · · 2k − 2 2k − 1 2k 2k + 1
ai 2k + 2 2k − 1 2k + 4 2k − 3 · · · 3 4k 1 ∅
a2k+i 4k + 1 2 4k − 1 4 · · · 2k − 2 2k + 3 2k 2k + 1
The set of difference of two consecutive terms of the obtained sequence is {|ai − ai+1| : 1 ≤ i ≤
4k + 1} = {2j − 1 | 1 ≤ j ≤ 2k} ∪ {4k}.
(c) N = 4k + 2, k ≥ 0.
i 1 2 3 4 · · · 2k − 1 2k 2k + 1
ai 2k + 1 2k + 3 2k − 1 2k + 5 · · · 3 4k + 1 1
a2k+i+1 4k + 2 2 4k 4 · · · 2k + 4 2k 2k + 2
The set of difference of two consecutive terms of the obtained sequence is {|ai − ai+1| : 1 ≤ i ≤
4k + 2} = {2j | 1 ≤ j ≤ 2k} ∪ {1, 4k + 1}, where k ≥ 1. When k = 0, this set is {1}.
(d) N = 4k + 3, k ≥ 0.
i 1 2 3 4 · · · 2k − 1 2k 2k + 1 2k + 2
ai 2k + 1 2k + 4 2k − 1 2k + 6 · · · 3 4k + 2 1 ∅
a2k+i+1 4k + 3 2 4k + 1 4 · · · 2k + 5 2k 2k + 3 2k + 2
The set of difference of two consecutive terms of the obtained sequence is {|ai − ai+1| : 1 ≤ i ≤
4k + 3} = {2j − 1 | 1 ≤ j ≤ 2k + 1} ∪ {4k + 2}.
Suppose |aj − aj+1| = r. We may choose the circular permutation starting at aj+1 and ending at aj.
This is a required sequence. 
Actually, these labelings induce local antimagic 3-labelings of cycles accordingly.
Adding each term of the circular permutation above by a ∈ N, we have
Corollary 3.2. Suppose N ≥ 2, a ∈ N and
r ∈


{1}, N = 2;
([2, N − 2] ∩ E) ∪ {1, N − 1}, even N ≥ 4;
([1, N − 2] ∩O) ∪ {N − 1}, odd N,
where E and O are the set of even and odd integers, respectively. All integers in [a+1, a+N ] can be arranged
as a sequence (ai)
N
i=1 of length N such that the sum of two consecutive terms ai+ ai+1 ∈ {2a+N, 2a+N +
1, 2a+N + 2} for 1 ≤ i ≤ N − 1 and |aN − a1| = r.
In this section, we consider Sp(n1, n2, n3), spider graphs with 3 legs. Let its three legs be Pn1+1 =
x1 · · · xn1xn1+1, Pn2+1 = y1 · · · yn2yn2+1 and Pn3+1 = z1 · · · zn3zn3+1, where xn1+1 = yn2+1 = zn3+1 = u.
Let P = x1 · · · xn and Q = y1 · · · ym, n,m ≥ 2. The graph PQ is the path obtained from P and Q by
identifying xn with y1.
Lemma 3.3. Let Pn+1 = x1 · · · xn+1 be a path of length n ≥ 2. Let a /∈ {0, 1}. There is an edge labeling
f : E(Pn+1)→ [a, a+n−1] such that f
+ is a coloring of Pn+1 and f
+(x1) = a+n−2, f
+(xn+1) = a+n−1
and f+(xi) ∈ {2a+ n− 1, 2a+ n− 2, 2a+ n− 3} for 2 ≤ i ≤ n. Moreover, f
+(x2) = 2a+ n− 1 = f
+(xn).
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Proof. Suppose n = 2k for some k ≥ 1. Label the edges by
i 1 2 3 4 · · · 2k − 3 2k − 2 2k − 1 2k
xixi+1 a+ 2k − 2 a+ 1 a+ 2k − 4 a+ 3 · · · a+ 2 a+ 2k − 3 a a+ 2k − 1
Precisely,
f(xixi+1) =


a+ 2k − i− 1 if i is odd;
a+ i− 1 if i is even.
It is easy to see that f+(x1) = a + 2k − 2, f
+(x2k+1) = a + 2k − 1, f
+(xi) = 2a + 2k − 1 for even i,
f+(xi) = 2a+ 2k − 3 for odd i ∈ [3, 2k − 1]. Clearly f
+ is a 4-coloring.
Suppose n = 4k + 1 for some k ≥ 1. Label the edges by
i 1 2 3 4 · · · 2k − 1 2k 2k + 1
xixi+1 a+ 4k − 1 a+ 1 a+ 4k − 3 a+ 3 · · · a+ 2k + 1 a+ 2k − 1 a+ 2k
i 2k + 1 2k + 2 2k + 3 · · · 4k − 2 4k − 1 4k x4k+1x4k+2
xixi+1 a+ 2k a+ 2k − 2 a+ 2k + 2 · · · a+ 2 a+ 4k − 2 a a+ 4k
Precisely,
f(xixi+1) =


a+ 4k − i if i is odd and 1 ≤ i ≤ 2k − 1;
a+ 2k if i = 2k + 1;
a+ i− 1 if i is odd and 2k + 3 ≤ i ≤ 4k + 1;
a+ i− 1 if i is even and 2 ≤ i ≤ 2k;
a+ 4k − i if i is even and 2k + 2 ≤ i ≤ 4k.
It is easy to see that f+(x1) = a + 4k − 1, f
+(x4k+2) = a + 4k, f
+(xi) = 2a + 4k for even i ∈ [2, 2k],
f+(xi) = 2a+4k−2 for even i ∈ [2k+2, 4k], f
+(xi) = 2a+4k−2 for odd i ∈ [3, 2k−1], f
+(x2k+1) = 2a+4k−1,
f+(xi) = 2a+ 4k for odd i ∈ [2k + 3, 4k + 1]. Clearly f
+ is a 5-coloring.
Suppose n = 4k + 3 for some k ≥ 0. Label the edges by
i 1 2 3 4 · · · 2k − 1 2k 2k + 1 2k + 2
xixi+1 a+ 4k + 1 a+ 1 a+ 4k − 1 a+ 3 · · · a+ 2k + 3 a+ 2k − 1 a+ 2k + 1 a+ 2k
i 2k + 2 2k + 3 2k + 4 · · · 4k 4k + 1 4k + 2 4k + 3
xixi+1 a+ 2k a+ 2k + 2 a+ 2k − 2 · · · a+ 2 a+ 4k a a+ 4k + 2
Precisely,
f(xixi+1) =


a+ 4k + 2− i if i is odd and 1 ≤ i ≤ 2k + 1;
a+ i− 1 if i is odd and 2k + 3 ≤ i ≤ 4k + 3;
a+ i− 1 if i is even and 2 ≤ i ≤ 2k;
a+ 4k + 2− i if i is even and 2k + 2 ≤ i ≤ 4k + 2.
It is easy to see that f+(x1) = a+4k+1, f
+(x4k+4) = a+4k+2, f
+(xi) = 2a+4k+2 for even i ∈ [2, 2k],
f+(x2k+2) = 2a+4k+1, f
+(xi) = 2a+4k for even i ∈ [2k+4, 4k+2], f
+(xi) = 2a+4k for odd i ∈ [3, 2k+1],
f+(xi) = 2a+ 4k + 2 for odd i ∈ [2k + 3, 4k + 3]. Clearly f
+ is a 5-coloring.
The last statement is easy to check. 
9
Theorem 3.4. χla(Sp(2, 2 + 2m, 2 + 2m+ k)) = 4 for m ≥ 0 and k ≥ 2.
Proof. Let f be the required labeling. Now q = 6 + 4m + k. Let P
(1)
3 = x1x2x3, P
(2)
3 = y1y2y3 and
P
(3)
3 = z1z2z3, Q
(1)
2m+1 = v1 · · · v2mv2m+1, Q
(2)
2m+1 = w1 · · ·w2mw2m+1, and Rk+1 = u1 · · · ukuk+1.
We label P
(j)
3 by f(x1x2) = q, f(x2x3) = 1, f(y1y2) = q − 1, f(y2y3) = 2, f(z1z2) = q − 2, f(z2z3) = 3
and Q
(l)
2m+1, 1 ≤ l ≤ 2, by
i 1 2 3 4 · · · 2m− 1 2m
vivi+1 q − 3n 3n+ 1 q − 3n− 2 3n+ 3 · · · q − 3n− 2m+ 2 3n+ 2m− 1
wiwi+1 q − 3n− 1 3n+ 2 q − 3n− 3 3n+ 4 · · · q − 3n− 2m+ 1 3n+ 2m
The vertex labels of v1 · · · v2m and w1 · · ·w2m are q + 1 and q − 1 alternatively.
Let P3 = P
(1)
3 , P3+2m = P
(2)
3 Q
(1)
2m+1 and P3+2m+k = P
(3)
3 Q
(2)
2m+1Rk+1. By Lemma 3.3, we may label
Rk+1 by [4 + 2m, 3 + 2m + k] such that f
+(uk+1) = 3 + 2m + k, f
+(u1) = 2 + 2m + k and f
+(u2) =
7 + 4m + k = f+(uk). Let the combined labeling still be denoted by f . Then f
+(z3) = f
+(y3) = q − 1,
f+(w2m+1) = (3+2m)+ (2+2m+ k) = 5+4m+ k and f
+(u) = 1+ (2+2m)+ (3+2m+ k) = 6+4m+ k.

Theorem 3.5. Suppose n ≥ 1, m ≥ 0 and l ≥ m+ 2. χla(Sp(2n, 2n + 2m+ 1, l)) = 4.
Proof. Here the number of edges is q = 4n + 2m+ l + 1. Let P
(1)
2n+1 = x1 · · · x2nx2n+1, P
(2)
2n+1 = y1 · · · y2n+1
and Q2m+2 = v1 · · · v2mv2m+2. Also, let the last leg of the spider be Pl+1 = z1 · · · zl+1. Let f be a required
labeling. Firstly, let f(z1z2) = q, f(z2z3) = x and f(zlzl+1) = y.
We label P
(j)
2n+1 and Q2m+2, 1 ≤ j ≤ 2, by
i 1 2 3 4 · · · 2n − 1 2n
xixi+1 q − 1 1 q − 3 3 · · · q − 2n+ 1 2n− 1
yiyi+1 q − 2 2 q − 4 4 · · · q − 2n 2n
i 1 2 3 4 · · · 2m− 2 2m− 1 2m 2m+ 1
vivi+1 q − 2n− 1 2n+ 1 q − 2n− 2 2n+ 2 · · · 2n+m− 1 q − 2n−m 2n+m q − 2n−m− 1
Following we shall label all l − 1 unlabeled edges of the path Pl+1 = z1 · · · zl+1 by integers in
[2n+m+ 1, 2n +m+ l − 1] = [a+ 1, a+N ], where a = 2n +m and N = l − 1.
(a) Suppose l ≡ m (mod 2) and l ≥ m + 4. Let the first two legs of the spider be P2n+1 = P
(2)
2n+1 and
P2n+2m+2 = P
(1)
2n+1Q2m+2. We require q + x = f
+(z2) = f
+(u) = f(zlzl+1) + (2n) + (q − 2n−m− 1) =
y + q −m− 1 and f+(zi) ∈ {q − 2, q − 1, q} for 3 ≤ i ≤ l. It is equivalent to x+m+ 1 = y.
Let r = m + 1. Then N = l − 1 > r and r ≡ N (mod 2). By Corollary 3.2 with this r, N and a, we
can label z2 · · · zl+1 satisfying the above requirement. Note that 2a+N = 4n+ 2m+ l − 1. Hence f is
a local antimagic 4-labeling for Sp(2n, 2n + 2m+ 1, l).
(b) Suppose l 6≡ m (mod 2) and l ≥ m + 4. Let the first two legs of the spider be P2n+1 = P
(1)
2n+1 and
P2n+2m+2 = P
(2)
2n+1Q2m+2. Similarly, we require x+m+ 2 = y. Let r = m+ 2. Now N > r and N ≡ r
(mod 2). By Corollary 3.2, we can label z2 · · · zl+1 satisfying the above requirement. Hence f is a local
antimagic 4-labeling for Sp(2n, 2n + 2m+ 1, l).
(c) Suppose l = m + 3. We use the same labeling as the case (a). We require that x + m + 1 = y. Let
r = m+1. Then N = m+2, i.e., r = N − 1. By Corollary 3.2, we have a local antimagic 4-labeling for
Sp(2n, 2n + 2m+ 1,m+ 3).
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(d) Suppose l = m+ 2.
(i) Suppose m ≥ 1. We use the labeling defined in the case (a), but swap the labels of the edges
v2m−1v2m and v2m+1v2m+2. Now, we require that x +m = y. Let r = m. Then r = N − 1. By
Corollary 3.2, we have a local antimagic 4-labeling for Sp(2n, 2n + 2m+ 1,m+ 2).
(ii) Suppose m = 0. If n ≥ 2, then Sp(2n, 2n + 1, 2) = Sp(2, 2 + 2(n − 1) + 1, 2n). Since 2n ≥ n + 2,
by the cases (a), (b) or (c) we get the result. If n = 1, then Sp(2, 3, 2) = Sp(2, 2, 3). A required
labeling is 7,2; 6,3; 5,4,1 with induced colors 9,7,6,5. 
Theorem 3.6. Suppose n ≥ 1, m ≥ 0 and l ≥ 2. χla(Sp(2n + 1, 2n + 2m, l)) = 4.
Proof. When m = 0. Sp(2n+1, 2n+2m, l) = Sp(2n, 2n+1, l). By Theorem 3.5 we get χla(Sp(2n+1, 2n+
2m, l)) = 4. Following we assume m ≥ 1.
Suppose l = 2. Sp(2n + 1, 2n + 2m, 2) = Sp(2, 2(n − 1) + 3, 2n + 2m). Clearly, 2n + 2m > (n − 1) + 3.
By Theorem 3.5 (with n = 1) we have χla(Sp(2, 2(n − 1) + 3, 2n + 2m)) = 4.
So we assume l ≥ 3.
A. Suppose l ≥ m. Let P
(1)
2n+2 = x1 · · · x2nx2n+2, P
(2)
2n+2 = y1 · · · y2n+2 and Q2m = v1 · · · v2m. Also, let the
last leg of the spider be Pl+1 = z1 · · · zl+1. Now the number of edges is q = 4n + 2m+ l + 1.
Let f be a required labeling. Firstly, let f(z1z2) = q, f(z2z3) = x and f(zlzl+1) = y.
We label P
(j)
2n+2 and Q2m, 1 ≤ j ≤ 2, by
i 1 2 3 4 · · · 2n− 1 2n 2n + 1
xixi+1 q − 1 1 q − 3 3 · · · q − 2n+ 1 2n− 1 q − 2n− 1
yiyi+1 q − 2 2 q − 4 4 · · · q − 2n 2n q − 2n− 2
i 1 2 3 · · · 2m− 3 2m− 2 2m− 1
vivi+1 2n+ 1 q − 2n− 3 2n+ 2 · · · 2n+m− 1 q − 2n−m− 1 2n+m
Similar to the proof of Theorem 3.5, we shall label all l−1 unlabeled edges of the path Pl+1 = z1 · · · zl+1
by integers in [a+ 1, a+N ], where a = 2n+m and N = l − 1.
We assume m ≥ 3 first.
(a) Suppose l ≡ m (mod 2) and l > m. Let the first two legs of the spider be P2n+2 = P
(1)
2n+2 and
P2n+2m+1 = P
(2)
2n+2Q2m. Similar to the proof of Theorem 3.5 we require q + x = f
+(z2) = f
+(u) =
f(zlzl+1)+ (q− 2n− 1)+ (2n+m) = y+ q+m− 1. It is equivalent to x = y+m− 1. Let r = m− 1
and N = l − 1. By Corollary 3.2, we have the result.
(b) Suppose l 6≡ m (mod 2). Let the first two legs of the spider be P2n+2 = P
(2)
2n+2 and P2n+2m+1 =
P
(1)
2n+2Q2m. Similarly, we require x = y+m− 2. Let r = m− 2 and N = l− 1. By Corollary 3.2, we
have the result.
(c) Suppose l = m. We use the labeling defined in (b). Now r = m− 2 = N − 1. By Corollary 3.2, we
have the result.
When m = 1. Use the labeling of case (b). We require x = y − 1. That is, r = 1 and N = l− 1 ≥ 2. By
Corollary 3.2, f is a local antimagic 4-labeling for Sp(2n + 1, 2n + 2m, l).
When m = 2. Use the labeling of case (a). We require x = y+1. By Corollary 3.2, f is a local antimagic
4-labeling for Sp(2n+ 1, 2n + 2m, l).
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B. Suppose l < m.
(a) Suppose l = 2h ≤ 2n. Then Sp(2n + 1, 2n + 2m, l) = Sp(2h, 2n + 1, 2n + 2m) = Sp(2h, 2h + 2(n −
h) + 1, 2n+ 2m). Clearly, 2n+ 2m ≥ (n− h) + 3. By Theorem 3.5, χla(Sp(2n+1, 2n+ 2m, l)) = 4.
(b) Suppose l = 2n+2s, where s ≥ 1. Sp(2n+1, 2n+2m, l) = Sp(2n+1, 2n+2m, 2n+2s) = Sp(2n+
1, 2n+2s, 2n+2m). Clearly, 2n+2m ≥ max{3, s}. By the Case A, χla(Sp(2n+1, 2n+2m, l)) = 4.
(c) Suppose l = 2h+1. Sincem ≥ 4, we letm = 2h+k, k ≥ 2 to get Sp(2n+1, 2h+1, 2n+4h+2k). Now,
q = 4n+6h+2k+2. Let P
(1)
2n+2 = x1 · · · x2n+1x2n+2, P
(2)
2n+2 = y1 · · · y2n+1y2n+2, Q4h+1 = z1 · · · z4h+1,
S2k = w1 · · ·w2k and R2h+2 = v1 · · · v2h+1v2h+2. Let f be a required labeling. Firstly, let f(v1v2) = q,
f(v2v3) = x and f(v2h+1z2h+2) = y.
We label P
(j)
2n+2 by integers in [1, 2n] ∪ [q − 2n − 2, q − 1]:
i 1 2 3 4 · · · 2n − 1 2n 2n+ 1
xixi+1 q − 1 1 q − 3 3 · · · q − 2n+ 1 2n− 1 q − 2n− 1
yiyi+1 q − 2 2 q − 4 4 · · · q − 2n 2n q − 2n− 2
We label Q4h+1 by in integers in [2n + 1, 2n + 2h] ∪ [2n+ 4h+ 2k, 2n + 6h+ 2k − 1 = q − 2n − 3]:
i 1 2 3 4 · · · 4h− 3 4h− 2 4h− 1 4h
zizi+1 2n+ 1 q − 2n− 3 2n+ 2 q − 2n− 4 · · · 2n+ 2h− 1 2n+ 4h+ 2k + 1 2n+ 2h 2n+ 4h+ 2k
We label S2k by integers in [2n + 2h+ 1, 2n + 2h + k] ∪ [2n + 4h + k + 1, 2n + 4h + 2k − 1]. If k is
even, we have
i 1 2 3 4 · · · k − 2 k − 1 k
wiwi+1 2n + 2h + 2 2n + 4h + 2k − 2 2n + 2h + 4 2n + 4h + 2k − 4 · · · 2n + 4h + k + 2 2n + 2h + k 2n + 4h + k + 1
i k k + 1 k + 2 · · · 2k − 4 2k − 3 2k − 2 2k − 1
wiwi+1 2n + 4h + k + 1 2n + 2h + k − 1 2n + 4h + k + 3 · · · 2n + 4h + 2k − 3 2n + 2h + 3 2n + 4h + 2k − 1 2n + 2h + 1
If k is odd, we have
i 1 2 3 4 · · · k − 2 k − 1 k
wiwi+1 2n + 2h + 2 2n + 4h + 2k − 2 2n + 2h + 4 2n + 4h + 2k − 4 · · · 2n + 2h + k − 1 2n + 4h + k + 1 2n + 2h + k
i k k + 1 k + 2 · · · 2k − 4 2k − 3 2k − 2 2k − 1
wiwi+1 2n + 2h + k 2n + 4h + k + 2 2n + 2h + k − 2 · · · 2n + 4h + 2k − 3 2n + 2h + 3 2n + 4h + 2k − 1 2n + 2h + 1
We now have P2n+4h+2k+1 = P
(1)
2n+2Q4h+1S2k. Moreover, P2n+2 = P
(2)
2n+2. We shall now label the
remaining 2h edge of R2h+2 using integers in [2n+ 2h+ k + 1, 2n+ 4h+ k]. Similar to the proof of
the case A, we require x = y + 2h− 1. That is, r = 2h − 1 and N = 2h. By Corollary 3.2, we have
a local antimagic 4-labeling for Sp(2n + 1, 2h+ 1, 2n + 4h+ 2k).

Theorem 3.7. For n ≥ 1 and 2 ≤ l ≤ m+ 1, χla(Sp(2n, 2n + 2m+ 1, l)) = 4.
Proof.
(a) Suppose l = 2h + 1 with h < n. Then Sp(2n, 2n + 2m + 1, 2h + 1) = Sp(2h + 1, 2n, 2n + 2m + 1) =
Sp(2h + 1, 2h + 2(n − h), 2n + 2m + 1). Clearly, 2n + 2m + 1 ≥ max{n − h, 3}. By Theorem 3.6,
χla(Sp(2n+ 1, 2n + 2m, l)) = 4.
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(b) Suppose l = 2h + 1 with h ≥ n. Then Sp(2n, 2n + 2m + 1, 2h + 1) = Sp(2n, 2h + 1, 2n + 2m + 1) =
Sp(2n, 2n+2(h−n)+1, 2n+2m+1). Since 2h+1 ≤ m+1, 2n+2m+1 ≥ (h−n)+2. By Theorem 3.5,
χla(Sp(2n+ 1, 2n + 2m, l)) = 4.
(c) Suppose l = 2h, h ≥ 1. Since l ≤ m+1, we let m = 2h−1+2k, k ≥ 0, to get Sp(2n, 2h, 2n+4h+4k−1).
Now, q = 4n+ 6h+ 4k − 1.
Suppose h ≥ 3. Similar to the proof of Theorem 3.5, let P
(1)
2n+1 = x1 · · · x2nx2n+1, P
(2)
2n+1 = y1 · · · y2n+1,
Q4h+4k = v1 · · · v2h+4k−1v4h+4k and P2h+1 = z1 · · · z2h+1. Let f be a required labeling. Firstly, let
f(z1z2) = q, f(z2z3) = x and f(zlzl+1) = y.
We label P
(j)
2n+1, 1 ≤ j ≤ 2, by
i 1 2 3 4 · · · 2n− 1 2n
xixi+1 q − 1 1 q − 3 3 · · · q − 2n+ 1 2n− 1
yiyi+1 q − 2 2 q − 4 4 · · · q − 2n 2n
We label Q4h+4k by
i 1 2 3 4 · · · 2h + 2k − 3 2h + 2k − 2 2h + 2k − 1 2h + 2k
vivi+1 q − 2n − 1 2n + 1 q − 2n − 3 2n + 3 · · · 2n + 4h + 2k + 2 2n + 2h + 2k − 3 2n + 4h + 2k 2n + 2h + 2k − 1
i 2h + 2k + 1 2h + 2k + 2 2h + 2k + 3 2h + 2k + 4 · · · 4h + 4k − 3 4h + 4k − 2 4h + 4k − 1
vivi+1 2n + 4h + 2k − 1 2n + 2h + 2k − 2 2n + 4h + 2k + 1 2n + 2h + 2k − 4 · · · q − 2n − 4 2n + 2 q − 2n − 2
Let P2n+1 = P
(1)
2n+1 and P2n+4h+4k = P
(2)
2n+1Q4h+4k. We require q+x = y+(2n−1)+(q−2n−2) = y+q−3
so that x + 3 = y. Similar to the proof of Theorem 3.4, we require r = 3, a = 2n + 2h + 2k − 1 and
N = 2h− 1 ≥ 5. By Corollary 3.2, we have a local antimagic 4-labeling for Sp(2n, 2h, 2n+4h+4k − 1).
Suppose h = 1 or n = 1. By Theorem 3.4, χla(Sp(2n, 2h, 2n + 4h+ 4k − 1)) = 4.
Suppose h = 2 and n ≥ 3. We get Sp(4, 2n, 2n + 4k + 7). Let P
(1)
5 = x1 · · · x5, P
(2)
5 = y1 · · · y5,
Q2n+4k+4 = v1 · · · v2n+4k+4 and P2n+1 = z1 · · · z2n+1. Label the edges according to the steps above, we
can get a similar conclusion.
If n = h = 2, we have Sp(4, 4, 4k + 11), k ≥ 0. Let P
(1)
5 = x1x2 · · · x5, P
(2)
5 = y1y2 · · · y5 and P
(3)
5 =
z1z2 · · · z5. Also let Q4k+8 = v1v2 · · · v4k+8. We label P
(j)
5 , j = 1, 2, 3 by
i 1 2 3 4
xixi+1 4k + 18 1 4k + 16 3
yiyi+1 4k + 17 2 4k + 15 4
zizi+1 4k + 19 2k + 8 2k + 9 2k + 10
Label Q4k+8 using integers in [5, 2k + 7] ∪ [2k + 11, 4k + 14] by
i 1 2 3 4 · · · 2k + 1 2k + 2 2k + 3 2k + 4
vivi+1 4k + 14 5 4k + 12 7 · · · 2k + 14 2k + 5 2k + 12 2k + 7
i 2k + 5 2k + 6 2k + 7 2k + 8 · · · 4k + 5 4k + 6 4k + 7
vivi+1 2k + 11 2k + 6 2k + 13 2k + 4 · · · 4k + 11 6 4k + 13
Let P4k+12 = P
(1)
5 Q4k+8 and the two paths of length 5 be P
(j)
5 , j = 2, 3. It is easy to check that
Sp(4, 4, 4k+11) admits a local antimagic 4-labeling with vertex labels in {4k+17, 4k+18, 4k+19, 6k+27}.
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Combining Theorems 3.5, 3.6 and 3.7, we have
Theorem 3.8. For a, b, c ≥ 2 with even a and odd b, χla(Sp(a, b, c)) = 4.
4 Spider with three even legs
Now we are going to consider the case for three even legs.
Theorem 4.1. For h ≥ m ≥ n ≥ 1, χla(Sp(2n, 2m, 2h)) = 4.
Proof. By Corollary 2.10 and Theorem 3.4, we may assume h > m > n > 1. Let f : E(Sp(2n, 2m, 2h)) →
[1, 2n + 2m + 2h] be a bijection. Note that q = 2n + 2m + 2h. Let r = q/2 = n +m + h. Let P2n+1 =
x1x2 · · · x2n+1, P2m+1 = y1y2 · · · y2m+1, P2h+1 = z1z2 · · · z2h+1. We first consider (m,h) 6= (n+1, n+2). Let
f(x1x2) = q − 1, f(y1y2) = q − 2 and f(z1z2) = q.
Label the remaining edges of P2n+1 as:
i 2 3 4 5 · · · 2n− 3 2n− 2 2n− 1 2n
xixi+1 r r − 2 r + 2 r − 4 · · · r − 2n+ 4 r + 2n − 4 r − 2n+ 2 r + 2n− 2
For P2h+1, we label the subpath z2z3 · · · z2n+2 as:
k 2 3 4 5 · · · 2n− 2 2n − 1 2n 2n + 1
zkzk+1 r − 1 r + 1 r − 3 r + 3 · · · r − 2n+ 3 r + 2n− 3 r − 2n+ 1 r + 2n− 1
For odd m, label the remaining edges of P2m+1 as:
j 2 3 4 5 · · · m− 3 m− 2 m− 1 m m+ 1
yiyj+1 1 q − 3 3 q − 5 · · · m− 4 q −m+ 2 m− 2 q −m m
ym+jym+1+j q −m− 1 m− 1 q −m+ 1 m− 3 · · · q − 6 4 q − 4 2
For even m, label the remaining edges of P2m+1 as:
j 2 3 4 5 · · · m− 3 m− 2 m− 1 m m+ 1
yiyj+1 1 q − 3 3 q − 5 · · · q −m+ 3 m− 3 q −m+ 1 m− 1 q −m− 1
ym+jym+1+j m q −m m− 2 q −m+ 2 · · · q − 6 4 q − 4 2
Up to now, [1,m] ∪ [r − 2n+ 1, r + 2n− 1] ∪ [q −m− 1, q] are used. Note that, r− 2n+ 1 ≥ m+ 2 and
r + 2n − 1 ≤ 2n +m + 2h − 3 = q −m − 3. So no label is used twice. Now we shall assign the labels in
[m+ 1, r − 2n] ∪ [r + 2n, q −m− 2] to the unlabeled edges of P2h+1.
For n ≡ h (mod 2), we label the remaining edges of P2h+1 as:
k 2n+ 2 2n+ 3 2n + 4 2n+ 5 · · · n+ h− 2 n+ h− 1 n+ h n+ h+ 1
zkzk+1 r − 2n r + 2n r − 2n− 2 r + 2n + 2 · · · m+ 4 q −m− 4 m+ 2 q −m− 2
k 3 4 5 6 · · · h− n− 2 h− n− 1 h− n h− n+ 1
zn+h−1+kzn+h+k m+ 1 q −m− 3 m+ 3 q −m− 5 · · · r + 2n+ 3 r − 2n− 3 r + 2n+ 1 r − 2n− 1
For n 6≡ h (mod 2), we label the remaining edges of P2h+1 as:
k 2n+ 2 2n+ 3 2n+ 4 2n+ 5 · · · n+ h− 2 n+ h− 1 n+ h n+ h+ 1
zkzk+1 r − 2n r + 2n r − 2n− 2 r + 2n+ 4 · · · q −m− 5 m+ 3 q −m− 3 m+ 1
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k 3 4 5 6 · · · h− n− 2 h− n− 1 h− n h− n+ 1
zn+h−1+kzn+h+k q −m− 2 m+ 2 q −m− 4 m+ 4 · · · r + 2n+ 3 r − 2n− 3 r + 2n+ 1 r − 2n− 1
Let u = x2n+1 = y2m+1 = z2h+1. When (2n, 2m, 2h) 6= (2n, 2n + 2, 2n + 4). It is routine to check that
f+(u) = 2r − 1 = q − 1, f+(x2n) = f
+(z2h) = q, f
+(y2m) = q − 2, f
+(x2) = f
+(z2) = q + r − 1, and all
other induced vertex labels are q − 2, q − 1 and q. Thus, f is a local antimagic 4-labeling.
Consider Sp(2n, 2n + 2, 2n + 4), n ≥ 2. Now q = 6n + 6. Let f(x1x2) = 6n + 5, f(y1y2) = 6n + 4 and
f(z1z2) = 6n + 6. Label the remaining edges of P2n+1 as:
i 2 3 4 5 · · · 2n− 3 2n− 2 2n− 1 2n
xixi+1 3n+ 3 3n+ 1 3n+ 5 3n − 1 · · · n+ 7 5n− 1 n+ 5 5n+ 1
Label the remaining edges of P2n+5 as:
k 2 3 4 5 · · · 2n− 1 2n 2n+ 1 2n+ 2 2n + 3 2n + 4
zkzk+1 3n+ 2 3n+ 4 3n 3n+ 6 · · · 5n n+ 4 5n+ 2 n+ 2 5n + 3 n+ 3
Now we used labels [n+ 2, 5n + 3] ∪ {6n + 4, 6n + 5, 6n + 6}.
For even n, label the remaining edges of P2n+3 as:
j 2 3 4 5 · · · n− 1 n n+ 1 n+ 2
yiyj+1 2 6n+ 2 4 6n · · · 5n+ 6 n 5n+ 4
yn+jyn+1+j n+ 1 5n+ 5 n− 1 5n + 7 · · · 6n+ 1 3 6n+ 3 1
For odd n, label the remaining edges of P2n+3 as:
j 2 3 4 5 · · · n− 1 n n+ 1 n+ 2
yiyj+1 2 6n+ 2 4 6n · · · n− 1 5n + 5 n+ 1
yn+jyn+1+j 5n+ 4 n 5n+ 6 n− 2 · · · 6n + 1 3 6n + 3 1
It is routine to check that f+(u) = 6n + 5, f+(x2n) = f
+(z2n+4) = 6n + 6, f
+(y2n+2) = 6n + 4,
f+(x2) = f
+(z2) = 9n+ 8, and all other induced vertex labels are 6n + 4, 6n+ 5 and 6n+ 6. Thus, f is a
local antimagic 4-labeling. The theorem holds. 
Example 4.1: Following are labelings for some spiders of 3 even legs according to the proof above. The
numbers listed in the parenthesis are the induced vertex colors.
Sp(4, 6, 8):
17 9 7 11
16 2 14 3 15 1
18 8 10 6 12 4 13 5
(26, 18, 17, 16)
Sp(4, 6, 12):
21 11 9 13
20 1 19 3 18 2
22 10 12 8 14 7 15 5 17 4 16 6
(32, 22, 20, 19)
Sp(4, 8, 10):
21 11 9 13
20 1 19 3 17 4 18 2
22 10 12 8 14 7 15 5 16 6
(32, 22, 21, 20)
Sp(6, 8, 10):
23 12 10 14 8 16
22 2 20 4 19 3 21 1
24 11 13 9 15 7 17 5 18 6
(35, 24, 23, 22) 
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5 Spiders with three odd legs
Theorem 5.1. For m,n ≥ 1, k ≥ 1, m+n+k even and 3k ≤ n+m, χla(Sp(2n+1, 2m+1, n+m+3k+1)) = 4.
Proof. Since m + n ≥ 3k, without loss of generality, we assume that m > k. Let f be an edge labeling
of Sp(2n + 1, 2m + 1, n + m + 3k + 1). Let P2n+2 = x1 · · · x2n+1x2n+2, P2m+2 = y1 · · · y2m+1y2m+2 and
Pn+m+3k+2 = z1 · · · zn+m+3k+1zn+m+3k+2. Let u = x2n+2 = y2m+2 = zn+m+3k+2. Now, q = 3n+3m+3k+3.
We label P2n+2, P2m+2 and Pn+m+3k+2 as:
i 1 2 3
xixi+1 3n+ 3m+ 3k + 3 n+m+ k 2n+ 2m+ 2k + 1
i 4 5 6 7 · · · 2n 2n+ 1
xixi+1 2n+ 2m+ 2k + 2 n+m+ k − 1 2n+ 2m + 2k + 3 n+m+ k − 2 · · · 3n+ 2m+ 2k m+ k + 1
Used labels: [m+ k + 1, n +m+ k] ∪ [2n + 2m+ 2k + 1, 3n + 2m+ 2k] ∪ {3m+ 3n+ 3k + 3}.
i 1 2 3 4 · · · 2k − 1 2k 2k + 1
yiyi+1 3n+ 3m + 3k + 1 2 3n+ 3m+ 3k − 1 4 · · · 3n+ 3m + k + 3 2k 3n+ 3m + k + 1
i 2k + 2 2k + 3 2k + 4 2k + 5 · · · 2m 2m+ 1
yiyi+1 2k + 1 3n+ 3m + k 2k + 2 3n+ 3m+ k − 1 · · · m+ k 3n+ 2m+ 2k + 1
Used labels: ([2, 2k]∩E)∪[2k+1,m+k]∪[3n+2m+2k+1, 3n+3m+k]∪([3n+3m+k+1, 3n+3m+3k+1]∩O),
where E and O are the sets of even and odd integers, respectively.
i 1 2 3 4 · · · 2k − 1 2k 2k + 1
zizi+1 3n+ 3m + 3k + 2 1 3n+ 3m+ 3k 3 · · · 3n+ 3m+ k + 4 2k − 1 3n+ 3m+ k + 2
i 2k + 2 2k + 3 2k + 4 2k + 5 · · · n+m+ 2− k n+m+ 3− k
zizi+1 n+m+ 3k + 1 2n+ 2m n+m+ 3k + 3 2n+ 2m− 2 · · · 2n+ 2m + 1 n+m+ 3k
i n+m+ 4− k n+m+ 5− k n+m+ 4− k n+m+ 5− k · · · n+m+ 3k n+m+ 3k + 1
zizi+1 2n+ 2m + 2 n+m+ 3k − 1 2n+ 2m+ 3 n+m+ 3k − 2 · · · 2n+ 2m+ 2k n+m+ k + 1
Used labels: ([1, 2k − 1] ∩O) ∪ [n+m+ k + 1, 2n + 2m+ 2k] ∪ ([3n + 3m+ k + 2, 3n + 3m+ 3k + 2] ∩ E).
Clearly f is a bijection. Now f+(x2) = f
+(x4) = f
+(z2k+2) = f
+(u) = 4n + 4m+ 4k + 3 and
f+(w) ∈ {3n+ 3m+ 3k + 3, 3n+ 3m+ 3k + 2, 3n+ 3m+ 3k + 1} for other vertex w. Thus, f is a required
local antimagic 4-coloring. 
Example 5.1: Sp(17, 15, 25) (n = 8,m = 7, k = 3):
57 18 37; 38 17 39 16 40 15 41 14 42 13 43 12 44 11
55 2 53 4 51 6 49; 7 48 8 47 9 46 10 45
56 1 54 3 52 5 50; 25 30 27 28 29 26 31 24; 32 23 33 22 34 21 35 20 36 19
(75, 57, 56, 55)
Theorem 5.2. For m ≥ 2, n ≥ 1 and m+ n ≥ 4 even, χla(Sp(2n+ 1, 2m + 1, n+m+ 1)) = 4.
Proof. Let f be a bijective edge labeling of Sp(2n + 1, 2m + 1, n +m+ 1). Let P2n+2 = x1 · · · x2n+1x2n+2,
P2m+2 = y1 · · · y2m+1y2m+2 and Pn+m+2 = z1 · · · zn+m+1zn+m+2. Let u = x2n+2 = y2m+2 = zn+m+2. Now,
q = 3n+ 3m+ 3. We label P2n+2, P2m+2 and Pn+m+2 as:
i 1 2 3 4 5 · · · 2n 2n+ 1
xixi+1 3n+ 3m+ 2 1 3n+ 3m 2 3n+ 3m − 1 · · · n 2n+ 3m + 1
i 1 2 3 4 5 6 7 · · · 2m 2m+ 1
yiyi+1 3n+ 3m + 3 n+m 2n+ 2m+ 1 2n+ 2m+ 2 n+m− 1 2n+ 2m+ 3 n+m− 2 · · · 2n+ 3m n+ 1
i 1 2 3 4 5 · · · n+m n+m+ 1
zizi+1 3n+ 3m+ 1 n+m+ 2 2n+ 2m − 1 n+m+ 4 2n+ 2m− 3 · · · 2n+ 2m n+m+ 1
Now f+(y4) = f
+(u) = 4n + 4m + 3 and f+(w) ∈ {3n + 3m + 3, 3n + 3m + 2, 3n + 3m + 1} for other
vertex w. Thus, f is a required local antimagic 4-coloring. 
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Example 5.2: Sp(9, 17, 13):
38 1 36 2 35 3 34 4 33
39 12 25 26 11 27 10 28 9 29 8 30 7 31 6 32 5
37 14 23 16 21 18 19 20 17 22 15 24 13
(37, 38, 39, 51) 
By substituting m = n+ 2 or m = kn, where k ≥ 1 and (k + 1)n is even, in Theorem 5.2, we have
Corollary 5.3. For n, k ≥ 1, χla(Sp(2n+ 1, 2n + 3, 2n + 5)) = χla(Sp(2n + 1, 2kn + 1, (k + 1)n + 1)) = 4,
where (k + 1)n is even.
Theorem 5.4. For n ≥ 0 and m ≥ 1, χla(Sp(2n + 1, 2m+ 1, 2m+ 1)) = 4.
Proof. Let f be a required labeling. Let P2n+2 = x1 · · · x2n+1x2n+2, P2m+2 = y1 · · · y2m+1y2m+2 and P2h+2 =
z1 · · · z2h+1z2h+2. Let u = x2n+2 = y2m+2 = z2h+2. We label P2n+2 and P2m+2 as:
i 1 2 3 4 · · · 2n− 1 2n 2n+ 1
xixi+1 q − 1 1 q − 2 2 · · · q − n n q − n− 1
When n = 0. The above table has only one column.
i 1 2 3 4 · · · 2m− 1 2m 2m+ 1
yiyi+1 n+ 1 q − n− 2 n+ 2 q − n− 3 · · · n+m q − n−m− 1 n+m+ 1
i 1 2 3 · · · 2h− 1 2h 2h+ 1
zizi+1 q q − n−m− 2 n+m+ 2 · · · n+m+ h q − n−m− h− 1 n+m+ h+ 1
Now f+(u) = q + n + 2m + h + 1 = 3n + 4m + 3h + 4, f+(z2) = 2q − n − m − 2 = 3n + 3m + 4h + 4,
f+(y1) = n+ 1 and f
+(w) ∈ {q, q − 1} for other vertex w. Thus, when m = h we have the result. 
Example 5.3:
Sp(5, 5, 9) ∼= Sp(9, 5, 5):
18 1 17 2 16 3 15 4 14
5 13 6 12 7
19 11 8 10 9
(30, 19, 18, 5)
Sp(7, 9, 9):
24 1 23 2 22 3 21
4 20 5 19 6 18 7 17 8
25 16 9 15 10 14 11 13 12
(41, 25, 24, 4) 
Starting from the labeling of Sp(2n+ 1, 2m+1, 2m+1) defined in the proof of Theorem 5.4 for m > n,
we move the 2n+2 right most numbers of the second leg to the end of first leg. We then can get a required
labeling for Sp(4n+ 3, 2m− 2n − 1, 2m + 1).
Namely, change the following assignment
i 1 2 3 · · · 2n− 1 2n 2n+ 1
xixi+1 q − 1 1 q − 2 · · · q − n n q − n− 1
i 1 2 · · · 2(m− n)− 1 2(m− n) · · · 2m− 1 2m 2m+ 1
yiyi+1 n+ 1 q − n− 2 · · · m q −m− 1 · · · n+m q − n−m− 1 n+m+ 1
to
j 1 2 3 · · · 2n− 1 2n 2n+ 1 2n+ 2 · · · 4n+ 1 4n+ 2 4n+ 3
vjvj+1 q − 1 1 q − 2 · · · q − n n q − n− 1 q −m− 1 · · · n+m q − n−m− 1 n+m+ 1
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i 1 2 · · · 2(m− n)− 1
wiwi+1 n+ 1 q − n− 2 · · · m
and keep the labeling of the leg P2m+2 = z1 · · · z2m+2 as
j 1 2 3 · · · 2m− 1 2m 2m+ 1
zjzj+1 q q − n−m− 2 n+m+ 2 · · · n+ 2m q − n− 2m− 1 n+ 2m+ 1
Hence we have a labeling, say g, for P4n+4 = v1 · · · v4n+4, P2m−2n = w1 · · ·w2m−2n and P2m+2 = z1 · · · z2m+2.
Now g+(u) = 2n + 4m + 2 = q − 1, g+(z2) = 2q − n −m− 2 = 3n + 7m+ 4 = g
+(v2n+2), g
+(y1) = n + 1
and g+(v) ∈ {q, q− 1} for other vertex v. So we have a local antimagic 4-labeling for Sp(2(m−n)− 1, 2m+
1, 4n + 3). After rewriting the parameters we have
Theorem 5.5. For m > n ≥ 0, χla(Sp(2n+ 1, 2m+ 1, 4(m − n)− 1)) = 4.
Example 5.4:
Starting from the labeling of Sp(3, 9, 9):
20 1 19
2 18 3 17 4 16 5 15 6
21 14 7 13 8 12 9 11 10
we get Sp(7, 5, 9) ∼= Sp(5, 7, 9):
20 1 19 16 5 15 6
2 18 3 17 4
21 14 7 13 8 12 9 11 10
(2, 10, 21, 35)
Starting from the labeling of Sp(7, 13, 13):
32 1 31 2 30 3 29
4 28 5 27 6 26 7 25 8 24 9 23 10
33 22 11 21 12 20 13 19 14 18 15 17 16
we get Sp(15, 5, 13) ∼= Sp(5, 13, 15):
32 1 31 2 30 3 29 26 7 25 8 24 9 23 10
4 28 5 27 6
33 22 11 21 12 20 13 19 14 18 15 17 16
(4, 32, 33, 55) 
Theorem 5.6. For m ≥ 4, χla(Sp(2m+ 1, 2m+ 3, 4m− 3)) = 4.
Proof. Let f be a bijective edge labeling of Sp(2m + 1, 2m + 3, 4m − 3). Let P2m+2 = x1 · · · x2m+1x2m+2,
P2m+4 = y1 · · · y2m+3y2m+4 and P4m−2 = z1 · · · z4m−3z4m−2. Let u = x2m+2 = y2m+4 = z4m−2. Now,
q = 8m+ 1. We label P2m+2, P2m+4 and P4m−2 as:
i 1 2 3 4 5 · · · 2m 2m+ 1
xixi+1 8m+ 1 6m− 1 2m+ 2 6m− 2 2m+ 3 · · · 5m 3m+ 1
i 1 2 3 4 · · · 2m− 2 2m− 1 2m 2m+ 1 2m+ 2 2m+ 3
yiyi+1 8m 1 8m− 1 2 · · · m− 1 7m+ 1 7m− 1 m+ 1 7m m
i 1 2 3 4 · · · 2m− 5 2m− 4
zizi+1 6m+ 1 2m− 1 6m+ 2 2m− 2 · · · 7m− 2 m+ 2
i 2m− 3 2m− 2 2m− 1 2m · · · 4m− 9 4m− 8 4m− 7
zizi+1 5m− 1 3m+ 2 5m− 2 3m+ 3 · · · 4m+ 2 4m− 1 4m+ 1
i 4m− 6 4m− 5 4m− 4 4m− 3
zizi+1 4m 2m+ 1 6m 2m
Now f+(x2) = f
+(u) = 14m and f+(w) ∈ {8m+1, 8m, 6m+1} for other vertex w. Thus, f is a required
local antimagic 4-coloring. 
Example 5.5: Sp(11, 13, 17):
41 29 12 28 13 27 14 26 15 25 16
40 1 39 2 38 3 37 4 36 34 6 35 5
31 9 32 8 33 7 24 17 23 18 22 19 21 20 11 30 10
(31, 40, 41, 70) 
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Observe that if we move the last four labels of P2m+2 (in the proof of Theorem 5.6) to the right end of
P2m+4 to form a labeling of P2m+8, we then obtain a local antimagic 4-labeling for Sp(2m−3, 2m+7, 4m−3).
Renaming the parameters, we get the following theorem.
Theorem 5.7. For m ≥ 2, χla(Sp(2m+ 1, 2m+ 11, 4m + 5)) = 4.
Proof. Let f be a bijective edge labeling of Sp(2m+1, 2m+11, 4m+5). Now, q = 8m+17. Let u = x2m+2 =
y2m+12 = z4m+6. The labelings of P2m+2 = x1 · · · x2m+2, P2m+12 = y1 · · · y2m+12 and P4m+6 = z1 · · · z4m+6
are given as follows.
i 1 2 3 4 5 · · · 2m 2m+ 1
xixi+1 8m+ 17 6m+ 11 2m+ 6 6m+ 10 2m+ 7 · · · 5m+ 12 3m+ 5
i 1 2 3 4 · · · 2m+ 2 2m+ 3
yiyi+1 8m+ 16 1 8m+ 15 2 · · · m+ 1 7m+ 15
i 2m+ 4 2m+ 5 2m+ 6 2m+ 7 2m+ 8 2m+ 9 2m+ 10 2m+ 11
yiyi+1 7m+ 13 m+ 3 7m+ 14 m+ 2 5m+ 11 3m+ 6 5m+ 10 3m+ 7
i 1 2 3 4 · · · 2m− 1 2m
zizi+1 6m+ 13 2m+ 3 6m+ 14 2m+ 2 · · · 7m+ 12 m+ 4
i 2m+ 1 2m+ 2 2m+ 3 2m+ 4 · · · 4m− 1 4m 4m+ 1
zizi+1 5m+ 9 3m+ 8 5m+ 8 3m+ 9 · · · 4m+ 10 4m+ 7 4m+ 9
i 4m+ 2 4m+ 3 4m+ 4 4m+ 5
zizi+1 4m+ 8 2m+ 5 6m+ 12 2m+ 4
Now, f+(x2) = f
+(y2m+4) = 14m + 28 and f
+(w) ∈ {8m + 17, 8m + 16, 6m + 1} for other vertex w.
Thus, f is a required local antimagic 4-coloring. 
Example 5.6: Sp(9, 19, 21):
49 35 14 34 15 33 16 32 17
48 1 47 2 46 3 45 4 44 5 43 41 7 42 6 31 18 30 19
37 11 38 10 39 9 40 8 29 20 28 21 27 22 26 23 25 24 13 36 12
(37, 48, 49, 84) 
Theorem 5.8. For h ≥ 0, m ≥ 1, χla(Sp(3, 2m + 1, 2m+ 2h+ 1)) = 4.
Proof. Let f be a required labeling. We first consider h ≥ 2. Let P
(1)
2m+2 = x1 · · · x2m+1x2m+2, P
(2)
2m+2 =
y1 · · · y2m+1y2m+2 and P4 = w1w2w3w4. Firstly, let f(w1w2) = q.
We label P
(j)
2m+2 by integers in [1, 2m] ∪ [q − 2m− 2, q − 1]:
i 1 2 3 4 · · · 2m− 1 2m 2m+ 1
xixi+1 q − 1 1 q − 3 3 · · · q − 2m+ 1 2m− 1 q − 2m− 1
yiyi+1 q − 2 2 q − 4 4 · · · q − 2m 2m q − 2m− 2
Suppose h = 2k and k ≥ 1. Now, we have Sp(3, 2m + 1, 2m + 4k + 1) and q = 4m + 4k + 5. Let
Q2k+1 = z1 · · · z2k+1 and R2k+1 = v1 · · · v2k+1. We label Q2k+1 by in integers in [2m + 1, 2m + k] ∪ [2m +
3k + 3, 2m+ 4k + 2 = q − 2m− 3]:
i 1 2 3 4 · · · 2k − 3 2k − 2 2k − 1 2k
zizi+1 2m+ 1 q − 2m− 3 2m+ 2 q − 2m− 4 · · · 2m + k − 1 2m+ 3k + 4 2m+ k 2m+ 3k + 3
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We label R2k+1 by integers in [2m+ k + 2, 2m+ 3k + 1]:
i 1 2 3 4 · · · 2k − 3 2k − 2 2k − 1 2k
vivi+1 2m+ k + 2 2m+ 3k + 1 2m+ k + 3 2m + 3k · · · 2m+ k − 1 2m+ 2k + 3 2m+ 2k + 1 2m+ 2k + 2
Let P2m+2h+2 = P
(2)
2m+2Q2k+1R2k+1. Lastly, let f(w2w3) = 2m + 3k + 2 and f(w3w4) = 2m + k + 1.
It is easy to check that f+(u) = q + 2m + 3k + 2 = f+(w2) and each other vertex has induced label in
{q − 2, q − 1, q}. Thus, f is a local antimagic 4-labeling.
Suppose h = 2k + 1 and k ≥ 1. Now, we have Sp(3, 2m + 1, 2m + 4k + 3) and q = 4m + 4k + 7. Let
Q2k+3 = z1 · · · z2k+3 and R2k+1 = v1 · · · v2k+1. We label Q2k+3 by in integers in [2m+1, 2m+ k+1]∪ [2m+
3k + 4, 2m+ 4k + 4 = q − 2m− 3]:
i 1 2 3 4 · · · 2k − 1 2k 2k + 1 2k + 2
zizi+1 2m+ 1 q − 2m− 3 2m+ 2 q − 2m− 4 · · · 2m + k 2m+ 3k + 5 2m+ k + 1 2m+ 3k + 4
We label R2k+1 by integers in [2m+ k + 3, 2m+ 3k + 2]:
i 1 2 3 4 · · · 2k − 3 2k − 2 2k − 1 2k
vivi+1 2m+ k + 3 2m+ 3k + 2 2m+ k + 4 2m+ 3k + 1 · · · 2m + k + 1 2m+ 2k + 4 2m + 2k + 2 2m+ 2k + 3
Let P2m+2h+2 = P
(1)
2m+2Q2k+3R2k+1. Lastly, let f(w2w3) = 2m + 3k + 3 and f(w3w4) = 2m + k + 2.
It is easy to check that f+(u) = q + 2m + 3k + 3 = f+(w2) and each other vertex has induced label in
{q − 2, q − 1, q}. Thus, f is a local antimagic 4-labeling.
For h = 1, let P2m+4 = x1 · · · x2m+4, P2m+2 = y1 · · · y2m+2 and P4 = w1w2w3w4. Now q = 4m + 7. We
label P2m+4 and P2m+2 as:
i 1 2 3 4 5 6 7 · · · 2m− 1 2m 2m + 1 2m+ 2 2m + 3
xixi+1 4m+ 7 4m + 6 1 2m+ 1 2m + 6 2m− 1 2m + 8 · · · · · · 5 4m + 2 3 4m + 4
yiyi+1 4m+ 5 2 4m+ 3 4 4m + 1 · · · · · · · · · 2m+ 7 2m 2m + 5
Let f(w1w2) = 2m + 2, f(w2w3) = 2m + 3 and f(w3w4) = 2m + 4. Then the induced vertex labels are
8m+ 13, 4m+ 7, 4m+ 5 and 2m+ 2. Thus, f is a local antimagic 4-labeling.
For h = 0, let P2m+2 = x1 · · · x2m+2, Q2m+2 = y1 · · · y2m+2 and P4 = w1w2w3w4.
We label P2m+2 and Q2m+2 by
i 1 2 3 4 5 · · · 2m− 2 2m− 1 2m 2m+ 1
xixi+1 4m+ 2 2 4m 4 4m− 2 · · · 2m− 2 2m+ 4 2m 2m+ 2
yiyi+1 4m+ 5 4m+ 1 3 4m− 1 5 · · · 2m+ 5 2m− 1 2m+ 3 2m+ 1
Let f(w1w2) = 4m+ 4, f(w2w3) = 1 and f(w3w4) = 4m+ 3. Thus, f is a local antimagic 4-labeling.
Hence the proof is completed. 
Theorem 5.9. For h ≥ 3, χla(Sp(5, 2m + 1, 2h + 1)) = 4.
Proof. Let P6 = x1 . . . x6, P2m+2 = y1 · · · y2m+2 and P2h+2 = z1z2 · · · z2h+2 with u = x6 = y12 = z2h+2. Now,
q = 2m+ 2h+ 7. Let f be a required labeling.
The leg P6 is labeled as follows.
i 1 2 3 4 5
xixi+1 q − 1 1 q − 2
q+1
2
q−1
2
The leg P2m+2 is labeled as follows.
j 1 2 3 4 5 · · · 2m 2m+ 1
yjyj+1 q
q−3
2
q+3
2
q−5
2
q+5
2 · · ·
q−1
2 −m
q+1
2 +m
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The leg P2h+2 is labeled as follows.
k 1 2 3 4 · · · 2h 2h+ 1
zkzk+1 2 q − 3 3 q − 4 · · · q − h− 2 h+ 2
Note that h+ 2 = q−12 −m− 1 and q − h− 2 =
q+1
2 +m+ 1. So f is a bijection. Now, f
+(u) = f+(x4) =
f+(y2) =
3q−3
2 , f
+(z1) = 2, and f
+(w) ∈ {q, q − 1} for other vertex w. The theorem holds. 
Example 5.7: Sp(5, 9, 11):
24 1 23 13 12
25 11 14 10 15 9 16 8 17
2 22 3 21 4 20 5 19 6 18 7
(36, 25, 24, 2) 
Theorem 5.10. For m,h ≥ 1, χla(Sp(7, 2m + 1, 2h+ 1)) = 4.
Proof. Let P8 = x1 · · · x8, P2m+2 = y1 · · · y2m+2, P2h+1 = z1 · · · z2h+2, and u = x8 = y2m+2 = z2h+2. Now,
q = 2m+ 2h+ 9. Let f be a required labeling.
The leg P8 is labeled as follows:
i 1 2 3 4 5 6 7
xixi+1 q − 2 2 q − 4 q − 1 1 3 q − 3
The leg P2m+2 is labeled by using all even numbers in [4, 2m+3] and all odd numbers in [q−2m−4, q−6] =
[2h+ 5] as follows:
j 1 2 3 4 5 · · · 2m 2m+ 1
yiyi+1 4 q − 6 6 q − 8 8 · · · q − 2m− 4 2m+ 4
The leg P2h+2 is labeled by using all odd numbers in [5, 2h+3]∪{q} and all even numbers in [q−2h−3, q−5] =
[2m+ 6, q − 5] as follows:
i 1 2 3 4 5 · · · 2h 2h+ 1
zizi+1 q q − 5 5 q − 7 7 · · · q − 2h− 3 2h+ 3
Clearly, f is a bijection. Now f+(u) = f+(x4) = f
+(z2) = 2q−5, f(x6) = 4 = f
+(y1), and f
+(w) ∈ {q, q−2}
for other vertex w. The theorem holds. 
Theorem 5.11. For m ≥ 2, χla(Sp(9, 11, 2m + 1)) = 4.
Proof. Let f be an edge labeling of Sp(9, 11, 2m + 1). Let P10 = x1 · · · x10, P12 = y1 · · · y12 and P2m+2 =
z1 · · · z2m+2. Let x10 = y12 = z2m+2. Now, q = 2m+ 21. We label P10, P12 and P2m+2 as:
i 1 2 3 4 5 6 7 8 9
xixi+1 2m+ 21 2m+ 14 6 2m+ 15 5 m+ 9 m+ 12 m + 8 m+ 13
i 1 2 3 4 5 6 7 8 9 10 11
yiyi+1 2m+ 20 1 2m+ 19 2 2m+ 18 2m+ 17 3 m + 11 m+ 10 4 2m + 16
i 1 2 3 4 5 6 7 8 9 10 11
zizi+1 m+ 14 m+ 7 7 2m + 13 8 2m+ 12 · · · m + 16 m+ 5 m+ 15 m+ 6
Clearly f is a bijection. Now, f+(x2) = f
+(y6) = f
+(u) = 4m+35 and f+(w) ∈ {m+14, 2m+20, 2m+
21} for other vertex w. Thus, f is a required local antimagic 4-coloring. 
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Theorem 5.12. For m,n ≥ 2, χla(Sp(13, 2m + 1, 2n + 1)) = 4.
Proof. Let f be an edge labeling of Sp(13, 2m + 1, 2n + 1). Let P14 = x1 · · · x14, P2m+2 = y1 · · · y2m+2 and
P2n+2 = z1 · · · z2n+2. Let x14 = y2m+2 = z2n+2. Now, q = 2m+2n+15. We label P14, P2m+2 and P22+2 as:
i 1 2 3 4 5 6 7
xixi+1 2m+ 2n+ 13 2 2m+ 2n+ 11 4 3 2m + 2n+ 12 2m+ 2n+ 10
xi+7xi+8 5 2m+ 2n+ 8 2m+ 2n+ 14 1 6 2m+ 2n+ 9
i 1 2 3 4 5 6 7 8
yiyi+1 2m+ 2n+ 15 2m + 2n+ 7 8 2m+ 2n+ 5 10 · · · 2n+ 9 2m + 6
i 1 2 3 4 5 6 7 8
zizi+1 7 2m+ 2n+ 6 9 2m + 2n+ 4 · · · 2n+ 5 2m+ 8 2n+ 7
Clearly f is a bijection. Now, f+(x7) = f
+(u) = 4m+4n+22 and f+(w) ∈ {7, 2m+2n+13, 2m+2n+15}
for other vertex w. Thus, f is a required local antimagic 4-coloring. 
Example 5.8: Sp(13, 9, 15)
35 2 33 4 3 34 32 5 30 36 1 6 31
37 29 8 27 10 25 12 23 14
7 28 9 26 11 24 13 22 15 20 17 18 19 16 21
(7, 35, 37, 66)
Conjecture 5.1. For d ≥ 3, y1, y2, . . . , yd ≥ 2 and d(d+1) ≤ 2(2q−1), χla(Sp(y1, y2, . . . , yd)) = d+1 except
Sp(2[n], 3[m]) for (n,m) ∈ {(4, 0), (5, 0), (6, 0), (0, 10), (1, 8), (1, 9), (2, 7), (2, 8), (3, 5), (3, 6), (4, 4), (4, 5), (5, 3)}.
6 Appendix
Following are local antimagic (n+m+1)-labelings of the spider Sp(2[n], 3[m]), for some (n,m). The numbers
listed in the parenthesis are the induced vertex colors.
(n,m) = (0, 3):
8 1 7
6 2 4
9 5 3
(14, 9, 8, 6)
(n,m) = (0, 4):
12 5 4
11 6 3
10 7 2
9 8 1
(17, 12, 11, 10, 9)
(n,m) = (0, 5):
15 6 5
14 7 4
13 8 3
12 9 2
11 10 1
(21, 15, 14, 13, 12, 11)
(n,m) = (0, 6):
18 8 7
17 9 6
16 10 5
15 11 4
14 12 3
2 13 1
(26, 18, 17, 16, 15, 14, 2)
(n,m) = (0, 7):
21 9 8
20 10 7
19 11 5
18 12 4
17 13 3
16 14 2
6 15 1
(30, 21, 20, 19, 18, 17, 16, 6)
(n,m) = (0, 8):
24 13 6
23 14 5
22 15 4
21 16 3
20 17 2
19 18 1
10 12 7
8 11 9
(37, 24, 23, 22, 21, 20, 19, 10, 8)
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(n,m) = (0, 9):
27 18 9
26 19 8
25 20 7
24 21 6
23 22 5
17 10 4
16 11 3
15 12 2
14 13 1
(45, 27, 26, 25, 24, 23, 17, 16, 15, 14)
(n,m) = (1, 2):
6 2
7 1 5
8 3 4
(11, 8, 7, 6)
(n,m) = (1, 3):
5 4
11 6 3
10 7 2
9 8 1
(17, 11, 10, 9, 5)
(n,m) = (1, 4):
10 1
14 5 9
13 6 4
12 7 3
11 8 2
(19, 14, 13, 12, 11, 10)
(n,m) = (1, 5):
8 7
17 9 6
16 10 5
15 11 4
14 12 3
2 13 1
(26, 17, 16, 15, 14, 8, 2)
(n,m) = (1, 6):
7 8
20 9 6
19 10 5
18 11 4
17 12 3
16 13 2
15 14 1
(29, 20, 19, 18, 17, 16 15, 7)
(n,m) = (1, 7):
13 6
23 14 5
22 15 4
21 16 3
20 17 2
19 18 1
10 12 7
8 11 9
(37, 23, 22, 21, 20, 19, 13, 10, 8)
(n,m) = (2, 1):
6 1
5 2
7 4 3
(11, 7, 6, 5)
(n,m) = (2, 2):
5 4
6 3
10 7 2
9 8 1
(17, 10, 9, 6, 5)
(n,m) = (2, 3):
12 1
11 2
13 4 6
10 7 5
9 8 3
(17, 13, 12, 11, 10 ,9)
(n,m) = (2, 4):
5 8
6 7
16 9 4
15 10 3
14 11 2
13 12 1
(25, 16, 15, 14, 13, 6, 5)
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(n,m) = (2, 5):
7 8
9 6
19 10 5
18 11 4
17 12 3
16 13 2
15 14 1
(29, 19, 18, 17, 16 15, 9, 7)
(n,m) = (2, 6):
13 6
14 5
22 15 4
21 16 3
20 17 2
19 18 1
10 12 7
8 11 9
(37, 22, 21, 20, 19, 14, 13, 10, 8)
(n,m) = (3, 1):
8 1
2 7
5 4
9 6 3
(15, 9, 8, 5, 2)
(n,m) = (3, 2):
3 8
5 6
7 4
12 9 2
11 10 1
(21, 12, 11, 7, 5, 3)
(n,m) = (3, 3):
5 8
6 7
9 4
15 10 3
14 11 2
13 12 1
(25, 15, 14, 13, 9, 6, 5)
(n,m) = (3, 4):
7 8
9 6
10 5
18 11 4
17 12 3
16 13 2
15 14 1
(29, 18, 17, 16 15, 10, 9, 7)
(n,m) = (4, 1):
3 8
5 6
7 4
9 2
11 10 1
(21, 11, 9, 7, 5, 3)
(n,m) = (4, 2):
5 8
6 7
9 4
10 3
14 11 2
13 12 1
(25, 14, 13, 10, 9, 6, 5)
(n,m) = (4, 3):
7 8
9 6
10 5
11 4
17 12 3
16 13 2
15 14 1
(29, 17, 16, 15, 11, 10, 9, 7)
(n,m) = (5, 1):
5 8
6 7
9 4
10 3
11 2
13 12 1
(25, 13, 11, 10, 9, 6, 5)
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(n,m) = (5, 2):
7 8
9 6
10 5
11 4
12 3
16 13 2
15 14 1
(29, 16, 15, 12, 11, 10, 9, 7)
(n,m) = (6, 1):
7 8
9 6
10 5
11 4
12 3
13 2
15 14 1
(29, 15, 13, 12, 11, 10, 9, 7)
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